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AN AWALYSTS OF THE EFFECTS OF WING ASPECT RATIO AND
TAIT, LOCATION ON STATIC LONGITUDIKAL STABILITY BELOW
THE MACH NUMEER OF LIFT DIVERGENCE
By John A. Axelson and J. Conrad Cromm

SUMMARY

An anelysis is made of the influence of wing espect ratic snd
tail location on the effects of compressibility on static longi-
tudinal stability. The use of reduced wing aspect ratios or short
tail lengths is shown to lead to serious reductions in highespeed
stability and the possibility of high-speed instability.

INTRODUCTION

Higheapeed airplanes generelly exhibit a reduction in static
longitudinal stability as the Mach number is ineoreased up to the
Mach number of lift divergence. The trend toward the use of wings
of reduced espect ratio and high critical Mach numbers for high--
speed sirplanes attaches insoresasing importance to the problem of
obtaeining satisfectory stability at both low and high apeedse The
present anelysis illustrates how changes in wing aspect ratio and
tail location affect the static longitudinal stability of airplanes
throughout the Mach number range below the Mach mmmber for 1ift
divergence.

SYMBOLS

The symbols used in the enalysis are defined as followa:

/
Cnm pitching-moment ccefficient | pitohing momen-b)
\ qgSoc
1ift
i
Cy 1ift coefficient \._q.g_)

UNCLASSIFIED



2 NACA RM No. ATJIL3S

q free-stream dynamio pressure (%pVZ2), pounds per square foot

o free~stream mags density, slugs per cublc foot

v free~stream velocity, feet per second

S surface aree., sguare feet

¢ mean serodynamic chord, feet

Cav average chord, feet

a angle of atteck, degrees

€ downwash angle, degrees

M free=stream Mach number

B J1-w2

A aspect ratio /-3-2)

\

b span, feet -

1¢ longitudinal distence between the gquarter-chord points of
the mean aerodynemic chords of the wing and the horizon-
tal tail, feet

hy vertical distance between the planes of the mean aero=
dynamic chords of the wing and the horizontal tail, feet

a lift=-curve slope

n airfoil efficiency factor (approximetely 0.9)

K constant of proportionality

Subsoripts

i incompressible

c compressible

o two dimensionel

w wing

horizontal tail
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DISCUSSION
Lift~curve Slope

Before considering statioc longitudinal stability, the esffeots
of compressibility on lift-curve slope will be reviewede. By the
use of potentlsl theory the following expression is derlved in ref=
erence 1 for the effeot of compressibility cmn the iift-curve slope
of = wing of finite aspect ratiloe

\

8, At 84, (1)
2y PBxA v &3,

A similar expresaion in terms of a3, the incompressible lift-curve
slope for a finite aspect ratio, instead of the two-dimenmional
incompreasible liff-curve slope a3  may be derived using the

the Glauvert factor for the effect o% compressibility on the twoe
dimensional lift-curve slope

ai,
‘o =  oaseame
° s
and the fundsmentel relation
1 1 1

The preceding expression may be readily reduced to

a.io

1+ 220

RA

&=
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and

Bl

Rewriting for the compressible ocase,

8 = 8co - a'iO/B = aig
‘a
1+ Zoo 1+ 2o B+ 8o
A BrA A
= ai 1 - nA a4
1-21 B+ =i prA + ai (1)

A th—aj
s

from vhich

8¢ _ A
ai BnA + ag (1-B)

Figure 1 presents the calculated variation of sag/ay with Mach
number for several aspect ratios, the two=dimensional incompress=
ible lift=-ocurve slope a3, being assumed to have a value of 2mMM
where 7 equals 0.9. For a rigorous analysis of the variation
with Mach number of the lift-curve slope of a complete airplane,
the interference and end~plate effeots of fuselage and nacelles
mugt also be considered. However, in most cases, the variation of
ac/ai indicated by equation (2) agrees reasonably well with exper=-
imental results for 'wings at Mach numbers below that for 1lift
divergence.

@)
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Statio Longitudinal Stabiliby

Considering only the pitching-moment components of the wing
and horizontal tail, the static longitudinal stebility of an sir=-
Plane may be expressed as

daCy, a0, &0 Sy oy Syoy ey \ da

with the center of gravity assumed at the aerodynemic center of the
wing end the dymamic pressures at the wing and tall essumed egusal.
For other locations of the center of gravity, the ejquation should
include another term expressing the ratio of the distance between
the serodynamic center of the wing and the center of gravity to the
meen amerodynamic chorde This ratic is constant for any fixed loca=
tion of the center of gravity and is independent of kach number.
For convenience, it is omitted from this analysis. The changes in
the first two terms of eyustion (3) due to compressibility effects
below the Mach number of 1ift divergence can be neglected ag dis-
cussed in references 2 and 3. Therefore, the changes in stability

due to compressibility effects may be analyzred by considering the
third term:

-Qéf_m.- I e~ | 1_.a£ (4)
oCL/3y Sw ow awy Sa.

The terms in ejuation (4) affected by compressibility are the
tell and wing lift-curve slopea .and the rate of change of downwash
wilth engle of attecks Changes in the tall and wing lift-curve
. slopes may be accounted for by equation (2). The changes in the
downwash are assumed proportional to the chenges in the wing lifb-
curve slope throughout the range of suberiticel Mach numberse
Equation (4) may now be written as follows:

Xmy _ Stltaty (ac/as)y 3¢ rasy \
- QBCL M B Sﬁcﬁaw;. (Bc/aily [l - (a.j)wj (5 )
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To illustrate the mammer in whioch wing aspect ratio and tail
location effect the variation of static longitudinal stability with
Mach number, severel hypothetical airplanes will be oonsidered
under the following conditions:

l. The wings are unswept and have a taper ratio of 2 mo that
the downwash predictions of reference 4 may be used.

2, The 1ift distributions are assumed to be elliptical.

3¢ The angles of attack are assumed to be within the range
of linear variation of 1ift coeflicient with angle of attack.

4, The aspect ratio of the horizontal tails ig fixede.

The results of figures 4, 6, and 6 of reference 4 indicate the
following relation between downwash and wing aspect ratio for
various tail locations expressed in terms of the wing semispans

o€

K
aCL/"i A

The cons;ba.n'b of proportionality bas the following values:

K
L 06‘09 1.2
:.%" . . .
= e

F/Z- Oel | 44 41| 39

hi
——=0.2| 38| 35| %3

b/2

The factor O€/da in equation (4) may be obtained in terms of the
agpect ratio
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With inereasing Mach number below that for 1ift divergence, the
factor O¢/OC], may be regarded as constant, but the wing lift-curve
slope BCL/acn increases according to equation (2)s Therefore, the
downwash perameter at a given Mach number is:

RGO BER)

where the gquantity aofai may be taken from figure ie The varia-
tions of de/da with wing aspect ratio for zero and 0.8 Mach
rurbers are shown in figure 2 for three tail locations; two
expressed in terms of the semispan of the wing and one defined as
a constent linear distence assuming constant wing area. ¥When
Be/aa. exceeds unity, theo horizontal tail becomes destabilizinge.
It may be seen in figure 2 that an.increase of Mach number or a
reduction in wing aspect ratio or tail length increases J¢/Oa.,

The variation with wing aspect ratio of the guentity

L'_(.a;f.'_@."'_l eppearing in equetion (4) is shown in figure 3(a).

Figure 3(b) presents the ratio of the value of this factor at 0,9
Mach number to its value at zero Msch number. It can be seen thet

reducing the wing aspect ratio or the tail length decreases the
ratioe

Using the expression for 0¢/0a in terms of wing aspect ratio,

the following relation for the mean aerodynamic chord of wings
having a 2:1 teper ratic,

6 = 1,037 Cgyv = 1.037 JS;A



8 NACA RM Noa. A7J13

and esssuming an aspect ratic of 4 for the horizontal teil, and a
two-dimensional, incompressible lift-curve slope of 1,87 equation
(5), may be written

7euy Sy 4 (8o/a1)t I- ]
-KBCI)M' 1.50 5,572 A1/2 (ag/asim L= + 18 - 0.0986E (ac/ai)w

(6)

The values of this expression at low speed may be made equal for
the asgsumed combinations of wing aspect ratic and tail locatiom by
the appropriate cholce of tail area. The calculated reductions in
the components of stability from the tail with increasing Mach
number for various wing aspect ratios and tall positions is showm
in figure 4. The results indioate that at Mach numbers approaching
that for 1ift divergence, the stabilizing actlon of the horizontal
tail is greatly reduceds The reduction becomes more pronounced as
the wing aspect ratio, tail lemngth, or teil helght above the plane
of the wing are reduced. Thus, the use of short tail lengths or
wings of low aspect ratio complicates the problem of obtaining
adequate static longitudinal stability over a wide renge of Mach
numbers and inoreases the possibility of excessive stability at low
speed or instabillity at high Mach numbers approaching that for lift
divergence.

The theoretical results are compared in figure 6 with experi-
mental results from wind-tunnel tests of models of two conventionel,
single~engine, low-wing, fighter~type airplenes. The predicted
changes in the components of stability due to the horizontal teil
agree reesonably well with the experimental results and also pro=
vide an indication of the changes in the static longitudinal
gtability of the complete modelse

The enalygis has involved unswept wings, but it would be
possible to make a similar study of swept wingas, some downwash
results being aveilable ir reference b from low=gpeed tests of
smpll-scale swept-back wingse The reductions in static longitude
inal stebility have been shown to ocour below the Mach number of
1lift divergence., In the subsonic Mach number range above the Mach
number for 1lift divergence, an increase in static longitudinal
stabllity generally occurs as discussed in references 2 and 3.
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CONCLUSIONS

The preceding analysis of the effects of wing aspect ratioc and
tell location on static longitudinal stability indicsates the
following:

l. Although a smaller variation of wing lift-~curve slope with
Mach number occurs when the wing sspeet ratio of an sirplane is
reduced, there results a greater reduction in static longitudinal
stability in the range of Mach numbers below that for lift diver-
gence owing to compressitility effects orn the downwashe

2. As the teil length of an asirplene is reduced, the effects
of compressibility on the static longitudinal stability become
more pronouncedes

Ames Aercmaubical laboratory,
National Adviseory Committee for Aeromsuties,
- Moffett Field, Calif.
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